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ABSTRACT 
The NAVSTAR Global  P o s i t i o n i n g  System (GPs)  i s  a s a t e l l i t e  nav i -  
ga t i on  system c u r r e n t  Zy under development by the  Department of Defense. 
I t  w i l l  c o n s i s t  o f  18 s a t e l l i t e s  i n  c i r c u l a r ,  12-hour o r b i t s  a t  an 
a l t i t u d e  of  11,000 NM, i n c l i n e d  63" t o  t l ie  equator ,  GPS s a t e l l i t e s  
w i l l  b roadcast  pseudo-random no ise  codes and ephemerides on two 
L-band s i g n a l s  t o  users wor ldwide,  i n c l u d i n g  m i l i t a r y  and c i v i l  users .  
T h i s  r e p o r t  descr ibes a concept t h a t  u t i l i z e s  a r e l a y  transponder, 
l oca ted  e i t h e r  on a  s a t e l l i t e  i n  g e o s t a ~ ~ o n a r y  o r b i t  o r  on a l o c a l  
tower t o  r e l a y  a c q u i s i t i o n - a i d i n g  data, ephemerides, e t c ,  from a  
ground-based remote c o n t r o l  s t a t i o n  t o  a  GPS c i v i l  user  t e rm ina l  
l oca ted  on a sh ip  o r  l a n d - t r a n s p q r t a t i o n  v e h i c l e .  Termed REFSAT 
( ~ e f e r e n c e  S a t e l l i t e ) ,  t h i s  concept reduces s i g n i f i c a n t l y  the  c i r c u i t  
comp lex i t y  and cos t  o f  user  t e rm ina l s .  A law-cost,  REFSAT user t e rm ina l  
might range i n  p r i c e  f rom $1,000 t o  $2,000 per t e rm ina l ,  i n  l o t s  o f  3,000. 
Th i s  r e p o r t  de f i nes  t h e  va r ious  systems needed t o  implement t he  REFSAT 
concept f o r  low-cost,  GPS c i v i l  t e rm ina ls .  The GPS/REFSAT system compat ib le  
w i t h  the  NAVSTAR GPS sys tern c o n s i s t s  o f  a  space segment (gees t a t  i onary  
r e l a y  sa t e l l  i te )  , a ground te rmi  na l  segment ( c i v i  1 user  te rm ina  Is), and 
the  remote c o n t r o l  s t a t i o n  ( t h e  c e n t r a l  f a c i l i t y  which performs opera t ions  
common t o  a1 ? users f o r  r e l a y  v i a  t he  spacc segment), Each segmeat i s  
descr ibed i n  d e t a i l .  
A GPS/REFSAT system u t i l i z i n g  a  l o c a l  tower f o r  t he  r e l a y  t ransponder 
i s  a l s o  descr ibed .  
The results o f  a  s tudy o f  c i v i l  user requirements i s  presented. 
D e t a i l e d  s p e c i f i c a t i o n s  f o r  the GPj/REFSAT system and i t s  i n d i v i d u a l  
segments a r e  presented i n  t h e  appendix. 
1 ,  IAVSTAR GPS System & GPS/REFSAT System 
The GPS/REFSAT Systemfi augments t h e  planned NAVSTAR Global  P o s i t i o n i n g  
(GPs) System, a1 lowing a  s i g n i f i c a n t  r educ t i on  i n  t he  c o s t  and conrplexi t y  
o f  c i v i l  u se r  te rm ina ls .  
A number o f  ope ra t i ons  common t o  a l l  c i v i l  users w i t h i n  a  p a r t i c u l a r  
geographic area may be performed a t  a c e n t r a l  remote c o n t r o l  s t a t i o n .  I n f o r -  
mat ion c o n t a i n i n g  the  r e s u l t  o f  these ope ra t i ons  i s  broadcast a long w i t h  
a p r e c i s i o n  f requency re fe rence  t o  a l l  c i v i l  users  through t h e  REFSAT/GPS 
geostat !onary  space seyment. 
The f o l l o w i n g  sec t i ons  develop t he  d e f i n i t i o n  o f  t he  GPS/REFSAT 
system, d e t a i l i n g  i t s  method of  ope ra t i on  and r e l a t i o n  to  t h e  NAVSTAR 
G P S  sys tem.  
1 . 1  NAVSTAR GPS System 
The NAVSTAR Global P o s i t i o n i n g  System (GPS)  o f f e r s  accura te  three-dimensions 1 
p o s i t i o n  (and v c l o c i  t y  i f  des i  red]  i n f o rma t  !on t o  users  anywhere i n  t he  wor ld .  
A user p o s i t i o n  f i x  c o n s i s t s  o f  t he  f o l l o w i n g  s teps :  
Measuring the  t r a n s i t  t ime  o f  RF s i g n a l s  f rom t h r e e  GPS s a t e l l i t e s  o f  
a  t o t a l  cons te l  l a t  i o n  o f  18 sate1 1 i t e s  and cornput i n g  t he  resu l  t a n t  
d is tances.  ( T r a n s i t  t ime  i s  determined us ing  t he  speed o f  l i g h t ) .  
Computing the  c u r r e n t  p o s i t i o n  o f  t h r e e  GPS s a t e l l i t e s  us i ng  t h e  
ephemeris da ta  t r a n s m i t t e d  w i t h  each s a t e l l i t e  s i g n a l ,  
So l v i ng  the  r e s u l t a n t  l l t r i a n g u l a t i o n l '  equat ions t o  determine t he  
pos i t i o n  o f  the  user te rm i  na l  . 
I f  use r  te rm ina ls  ma in ta ined  p r e c i s i o n  c l ocks  synchron ized w i t h  GPS system 
t ime, a  p o s i t i o n  f i x  cou ld  be accomplished i n  t h i s  s imp le  manner. The user 
te rm ina l  would then be a t  t h e  i n t e r s e c t i o n  o f  t h r e e  spheres whose cen te rs  were 
loca ted  a t  t h e  r espec t i ve  s a t e l l i t e s .  
I n  p r a c t i c e ,  the  requi rement  f o r  user  t e rm ina l s  t o  con ta i n  a p r e c i s i o n  
c l o c k  i s  e l i m i n a t e d  by making range measurements t o  f o u r  s a t e l l i t e s .  I n  t h i s  
case, t h e  n a v i g a t i o n  equa t ions  c o n t a i n  four unkqowns: the user  p o s i t i o n  i n  
t h ree  dimensions and t h e  e r r o r ,  o r  f i x e d  b i a s ,  i n  t h e  u s e r ' s  imprec ise c lock .  
The n a v i g a t i o n  s i g n a l  t r a n s m i t t e d  f r om each NAVSTAR G P S  s a t e l l i t e  c o n s i s t s  
o f  two R F  f requencies,  L1 and L2. As shown i n  T a b l z  1-1 ,  t h e  L1 s i g n a l  a t  
1575.42 MHz i s  modulated w i t h  b o t h  t he  P and C/A pseudo-random no i se  (PRN) codes 
i n  phase quadrature.  The 12 s i g n a l  a t  1227.6 MHz i s  modulated w i t h  t h e  P-code. 
Both s i g n a l s  a r e  a l s o  con t i nuous l y  modulated w i t h  t h e  n a v i g a t i o n  message data- 
b i t  stream a t  50 bps. 
* J. W. Sennott ,  A .  K. Choudhury, R.E. T a y l o r ,  "The REFSAT Approach t o  Low- 
Cost GPS Terminals", NASA Goddard Space F l i g h t  Center, TM 79655, A p r i l  1979.' 
Table 1 - 1 ,  NAVSTAR GPS S igna l  Character is t ics ,  
L1 RF Frequency = 1575.42 MHz 
Conta i n s  : PRN P-Code 
PRN C /A  Code 
50 BPS Data Stream 
L2 RF Frequency = 1227.60  YHz 
Conta i ns PRN P-Code 
SO BPS Data Stream 
Long (P)  Code 
Frequency = 10.23 MHz 
Epoch = 267 Days 
(Reset each 7 days)  
Short ( c / P )  Code 
Frequency = 1.023 MHz 
Epoch = 1 millisecond 
The data stream inc ludes  sr : te l l j  t e  epher~~er i  s in format ion,  t o  a1 low a user 
t o  compute t h e  s a t e l l i t e  p o s i t i o n  coord inates needed f o r  s o l u t i o n  of the  nav i -  
g a t i o n  equat ion ,  The PRN codes serve two f unc t i ons :  
1) S a t e l l i t e  i d e n t i f i c a t i o n .  The code pa t t e rns  a r e  unique t o  each 
s a t e l l i t e  and a r e  matched w i t h  l i k e  codes i n  the  user r e c e i v e r  and, 
2)  The measurement o f  n a v i j a t  i on  s i g n a l  t r a n s i t  t ime, by measuring the 
phase s h i f t  r equ i red  t o  match t h e  codes. 
The user  te rmtna ls  d i s c u s s e j  i n  t h i s  document u t i l i z e  t he  L l  s i gna l  a t  
1575,42 MHz and the snor t  C/A code which repeats every m i  11 isecond. More 
s o p h i s t i c a t e d  users may make use o f  bo th  L1 and L2 s i g n a l s  t o  measure iono- 
spher ic  propagat ion delays o r  t o  u t i l i z e  t h e  l o r ~ g c r  P-code f o r  extreme accuracy, 
The base l i ne  c o n s t e l l a t i o n  of I8 NAVSTAR s a t e l l i t e s  w i l l  be placed  i n  
12-hour o r b i t s  p r o v i d i n g  a t  least f i v e  s a t e l l f t e s  a t  5 degrees o r  more above 
t h e  l o c a l  ho r i zon  t o  a wor ldwide user. 
F igure  1-1 shows ground t r acks  o f  the four Phase 1 NAVSTAR s a t e l l i t e s  
ope ra t i ona l  as of  1 January 1980 ( o r b i t  p o s i t i o n s  1 ,  3, 5, and 6 ) .  A g iven  
s a t e l l i t e  ground t r ack  repeats  each 12 hours. A lso  shown i s  the  20 degree 
v i s i b i l i t y  contour  about Washington, DC. A s a t e l l i t e  whose ground t r a c k  i s  
n o r t h  o f  t he  v i s i b i l i t y  con tour  w i l l  appear 20 degrees o r  more above t he  hor i zon .  
The GPS/REFSAT System 
The GPS/GEFSAT System i l l u s t r a t e d  on F igu re  1-2 o f f e r s  a s i g n i f i c a n t  
r educ t i on  i n  b o t h  the cos t  and complex i t y  o f  u s e r  ground te rmina ls .  A remote 
c o n t r o l  s t a t i o n  performs many o f  t he  tasks requ i red  o f  a convent ional  GPS 
user t e rm ina l ,  Da ta  from the remote c o n t r o l  s t a t i o n  i s  then broadcast over a 
wide geograph i ca l area v i a  a geos ta t i ona ry  re fe rence  s a t e l  1 i ie (REFSAT) i n  
t h e  form o f  an L-band " a i d i n g  s igna l " .  GPS/REFSAT user t e rm ina l s  i n  t h e  s e r v i c e  
area of  the  remote ~ o n t r o l  s t a t i o n  use t he  L-band REFSAT s igna l  t o  a i d  GPS 
s a t e l l i t e  s i g n a l  a c q u i s i t i o n  and to  s i m p l i f y  computation o f  the use r ' s  p o s i t i o n .  
Before d iscuss ing  the GPS/REFSAT system I n  d e t a i l ,  two observat ions from 
Figures 1-1 and I-lA/1-IR are p e r t i n e n t .  An examinat ion of Phase 1 GPS ground 
t r acks  n o r t h  of the  20' v i s i b l l  i t y  contour  shows t h a t  t h e  geometry o f  the  
GPS s a t e l l i t e s  r e l a t i v e  to  a  user  te rmina l :  
( 1 )  Changes r a p i d l y  w i t h  t ime. A p a r t i c u l a r  group of  4 s a t e l l i t e s  
remains v i s i b l e  t o  a user  t e rm ina l ,  above t bs  20' e l e v a t i o n  angle, 
f o r  2 t o  3 hours. However, the h o r i z o n t a l  d i l u t i o n - o f - p r e c i s i o n  
(HDoP) f o r  t he  same four  sate1 l ites i s  5 o r  less f o r  o n l y  2 hours. 
(2)  Changes s low ly  : 4 l t h  user  geographica l  l o c a t i o n .  A t  a g iven i n s t a n t  
i n  t ime, users anywhere i n  t he  c c n t i n e n t a l  Un i t ed  States cou ld  
u t i l i z e  t h e  same 4 - s a t e l l i t e  c o n s t e l l a t i o n .  
20° Elevation Visibility 
Contour 
Figure 1-1.  GPS Satellite Ground Tracks (20  degree elevation vis!billty 
contour shown around Washington, G.c.)  
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F igure 1 - 1 A ,  GPS Satellite Elevation Angles 
a t  Wash,, D.C, 
Figure 1-15. Dilution-of-Precision (DOP) Values 
a t  Wash., D . C .  
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Figure 1-2. The GPS/REFSAT System 
The f i r s t  s tep  requi red t o  per fo rm a GPS nav fga t i on  f i x  i s  t h a t  of 
s e l e c t i n g  from t h e  v i s i b l e  GPS s a t e l l i t e s  those  f ou r  t h a t  p rov ide  the 
minimum h o r i z o n t a \  d l  lution-of-precision (HDOP). Th is  i n i t i a l  s tep  shown 
on  F igure  1-3 i s  important s i nce  the magnltude of the  user  p o s i t l o n  e r r o r s  
I n  t he  computed GPS nav iga t i on  f t x  depend no t  o n l y  upon the  u s e r ' s  ranging 
e r r o r s ,  but  on the r e l a t i v e  geometry o f  the f ou r  se lec ted  s a t e l l i t e s .  
1.2.1 I n i t i a l  GPS S a t e l l i t e  S e l e c t i o n  
I n  genera l ,  a l l  user t e rm ina l s  w i t h i n  a l a r g e  geographica l  area would 
s e l e c t  the same foar  GPS s a t e l l i t e s  i n  order  t o  achieve minimum HDOP a t  a  
p a r t i c u l a r  t ime .  Th is  s e l e c t i d n  requ i res  the maintenance o f  c u r r e n t  G P S  
satel 1 l t e  almanac date i n  memory and thc  s o l u t i o n  o f  an I1HDOP1' a l go r i t hm.  
The REFSAT system performs t h i s  task  a t  a c e n t r a l  l o c a t i o n  and then broadcasts 
t h e  r e s u l t s  t o  a l l  users, relieving i n d i v t d u a l  user t e rm ina l s  of t h i s  s o f t -  
ware and s to rage  f unc t i on .  
1 .2 .2  Doppler and Delay A c q u i s i t i o n  -, ..
For s i g n a l  a c q u i s i t i o n  ( 4  GPb s a t e l l i t e s ) ,  a  convent ional  user te rmina l  
may per form a  frequency a ~ d  ccdc d e l a y  search o r  make use of  s to red  G P S  almanac 
da ta  t o  compute expected cn? ; ' c~  ' n i f t s  f o r  the f o u r  s a t e l l i t e  s i gna l s .  A 
p r e c i s i o n  frequency re ference : s  r equ i red  a t  t h e  user te rmina l  t o  reduce 
dopp le r  a c q u i s i t i o n  t ime. 
I n  the REFSAT System, a major  p o r t i o n  o f  t h l s  f u n c t i o n  i s  performed by 
t h e  remote ?con t ro l  s t a t i o n ,  As shown on F i g u r e  1-3, the  REFSAT prov ides  a 
p r e c i  5 !on f requency re ference t o  a1 1 users ( the REFSAT C a r r i e r  Frequenctt S ignal  ) . 
I n  a d d i t i o n ,  t h e  data message c a r r i e d  on t he  REFSAT s i g n a l  p rov ides  IJdoppler 
c o e f f i c i e n t 1 '  i n f o rma t i on  a l l o w i n g  a  simple computation o f  doppler  o f f s e t s  a t  
t h e  user t e r m i n a l .  
1.2.3 P o s i t i o n  F i x i n g  
Both convent iona l  GPS end GPS/REFSAT user  te rmina ls  make "pseudo-range'' 
measurements t o  the  4 se lec ted  GPS s a t e l l  i t e s ,  S o l u t i o n  o f  t h e  n a v i g a t i o n  
equat ion  requ i res  a knowledge o f  the pos i  t ion coord ina tes  o f  t he  4 se lec ted  
GPS s a t e l l i t e s .  These coord ina tes  must be computed from GPS ephemeris data 
conta ined i n  the GPS s a t e l l i t e  s i g n a l s .  Dernodulatlan o f  t h i s  data requ i res  
GPS c a r r i e r  phase t r ack ing  i n  t h e  convent ional  GPS t e rm ina l .  
As shown on F igure  1-3, t h i s  funct ion i s  performed by each convent ional  
GPS user t e r m i n a l ,  I n  c o n t r a s t ,  t h e  REFSAT system per forms t h i s  f u n c t i o n  a t  
a  c e n t r a l  l o c a t i o n .  Currect  p o s i t i o n  coord ina tes  f o r  the four  se lec ted  GPS 
s a t e l l i t e s  a r e  then broadcast t o  a l l  GPS/REFSAT users as p a r t  o f  t he  REFSAT 
s i g n a l .  The user  may u t i l i z e  t h i s  i n f o rma t i on  d i r e c t l y  to  s o l v e  t h e  nav iga t i on  
equat ion  o r  s imp l y  t ransmi t  measured pseudo-range values v i a  a " r epo r t  back" 
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Figure 1-3. T h e  REFSAT Concept- 
F igu re  1-3 and Table  1-2 i l l u s t r a t e  the manner i n  which t h e  above s teps  
a r e  accomplished i n  conven t iona l  GPS and t h e  proposed GPS/REFSAT systems. 
F igure  1-4 con t ras t s  the rece!ver func t ions  requ i red  o f  each system. 
2 4  Format o f  the REFSAT D a t a  Messagc 
Figure 1-5 shows a proposed format f o r  the REFSAT data  message broadcast 
w i t h  the REFAAT s i g n a l  f o r  G P S  s a t e l l i t e s  A, B,  C and 0. I n  a d d i t i o n  t o  the  
p r e c i s i o n  REFSAT c a r r i e r  which prov ides each GPS/REFSAT user  t e rm ina l  w i t h  a 
p rec i se  frequency re ference,  the REFSAT s i g n a l  con ta ins  a 128 bi  t -per-second 
FSK s i g n a l .  
Each REFSAT data frame i s  t ransmi t red  ' 'on t imet '  r e l a t i v e  t o  G P S  system 
time. Each o f  the 4 subf rames conta ins:  
( 1 )  synchron izat  ion (3 bytes,  14 -C i  t s )  
(2) c u r r e n t  X, Y ,  and Z ear th -cen te red  coordfnates f o r  a se l ec ted  GPS 
s a t e l l i t e  (9 b y t e s ) .  
( 3 )  c u r r e n t  dopplar  c o e f f i c i e n t  data for  computat ion o f  doppler  g r a d i e n t  (3 by tes )  . 
(4)  code se lect  t o  identify the  selected GPS s a t e l l i  :e ( 1  byte) .  
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Figure 1-4. REFSAT VS. Conventional Receiver. 
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Table  f - 2 .  GPS Receiver functions Comparison. 
REFSAT Sirnplifiwf ion 
Eliminate this software/ 
storage function 




Conventional GPS Termina t 
Sub-Function 
1.  Initial Satellite Sclcction 
2. Doppler Acquisition 
Ijardwarc 






Compute satellites in view 
Compute range rate for 
scleclcd satellites 
PSK spread spcctrum 
programable synthesizer 
(in-phase Pr quadrature) 
Delay-lock loop 
AFC loop 
Costas b o p  
PSK demodulate using 
above phase reference 
3. Delay Acquisition 
4. Fine Delay Track 
5. Fine Doppter Acquisition 
6. Carrier Pliasc Track 
7. TcIernctry Acquisition 
8. Ephemeris Update 
9. Position Computation 
Filter ernr signals 
Advanccfrctard commands 
Filter error signals 
Advance/retard commands 
- 
Filter error signals 
VCXO freq. step commands 
Fillcr cror signals 
VCXO pliasc step commands 
Rcal-timc predictor 
Pseudo range to 1at.-long. 
conversion 
Reduce wdc generator 
precision 
No punctual code, 
cmploy interpolation . 
Not essential for all 
users 
Eliminatc cnlircly 
Simple non-cohcrent FSK 
Eliminate entirely 
Sat. A-  Sat. B Sat. C Sat. D 
I Data I Data I Data I Data I Data A I Data B I 1 1 I Seconds 
0 1 2 3 4 5 6 
I I I I- Subf rarne 1 1 Second -1 I 
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MOTE: 1 Byte - 8 B l  t s  
Flgure 1-5.  REFSAT Data Format. 
2. REFSAT Space Segment 
T h l s  sect ion examines the requirements o f  the REFSAT space segment i n  
order  t o  form the performance s p e c i f i c a t i o n s  l i s t e d  i n  Appendix 1 ,  The 
.geostat ionary reference sa te l  1 i t e  shown on Figure 1-2 must provide: 
( 1 )  A space-to-earth down1 ink  broadcast o f  the REFSAT reference 
c a r r i e r ,  and the REFSAT data message (128 bps), relayed over 
an earth-to-space up1 ink. 
(2)  A user terminal- to-space up1 i n k  f o r  those users requ i r i ng  a 
report-back c a p a b i l i t y  t o  the REFSAT remote control s t a t i o n  v i a  
space-to-earth downlink, 
2.1 Required Frequency Assignments 
Before f i r m  frequency assign~nents can be made, i t  w i l l  be necessary t o  
study the possib le mutual in te r fe rence e f f e c t s  between REFSAT and those users 
present ly  a l l oca ted  i n  the frequency bands rha t  may be considered. The f o l l o w i n g  
d iscussion serves the purpose o f  demonstrating f e a s i b i l i t y  and p o i n t i n g  out  
major requirements. The prec ise  frequencies tha t  a re  discussed are not necessar i l y  
those t h a t  would be employed i n  an opera t iona l  system. 
REFSAT Space-towEarth Reference Signal 
The frequency band f o r  the REFSAT space-to-earth reference s igna l  should 
be chosen t o  minimize the  s ize ,  weight, complexity,  and cos t  of i nd i v idua l  user 
terminals over those a l ready  required t o  receive GPS s a t e l l i t e  s igna l s  a t  
1575.420 MHz (a maximum dappl e r  s h i f t  o f  - +4 kHz may be expected). 
I n  order  t o  best meet the above considerat ions,  the  REFSAT s igna l  frequency 
should he w i t h i n  a few percent  of the GPS s a t e l l i t e  s igna l  frequency so t ha t  
a common antenna and RF f ron t -end may b~ used. For the purposes o f  t h i s  de f -  
i n  i t i  on study , REFSAT down 1 i nk reference c a r r i e r  frequencies z t  1555 MHz 
and 1560 MHz w i  1 1  be assumed t o  cover the  cont inenta l  Uni ted States (CONUS) 
and Alaska,  respect ive ly .  
User Rep, rt-Back, Earth-to-Space Frequency 
Should a report-back f u n c t i o n  be requ i red  o f  a p a r t i c u l a r  user, a t r ansmi t te r  
and s u i t a b l e  antenna must be added t o  a bas ic  user t e rm ina l .  The antenna should 
have s u f f i c i e n t  beamwidth t o  a v o i d  the  need for antenna po in t i ng .  Although a 
number o f  frequency hands would be s u i t a b l e ,  t h i s  d e f i n i t i o n  study assumes 
t h a t  the  same user antenna would be used f o r  bo th  t ransmiss ion  and recept ion,  
p l a c i n g  t h e  des i r ed  ear th- to-space t r a n s m i t  frequency near  1600 MHz. 
2.2 Spacecraf t  Antenna Footprint Coverage Requirement 
Using t he  REFSAT System, t h e  cho ice  of  a p a r t i c u l a r  4 - s a t e l l i t e  G P S  
cons te l  l a t i o n  ( f o r  minimum HDoP) i s  made a t  the remote c o n t r o l  s t a t i o n .  As a 
r e s u l t ,  a l l  GPS/REFSAT user  t e rm ina l s  i n  a  p a r t i c u l a r  REFSAT coverage area 
use the same 4-sate1 1 i t e  GPS cons te l  l a t i o n .  The maximum dimensions of  the 
REFSAT antenna f o o t p r i n t  a r e  t he re fo re  l i m i t e d .  
A l though a d d i t i o n a l  s tudy  i s  r equ i r ed  t o  d e f i n e  t h e  maximum f e a s i b l e  
REFSAT coverage area, p r e l i m i n a r y  i n v e s t i g a t i o n  i n d i c a t e s  t h a t  geographica l  
reg ions a s  l a r g e  as the c o n t i n e n t a l  Un i t ed  S ta tes  (CONUS) a r e  p r a c t i c a l .  
Separate beams cover ing  CONUS and Alaska w i l l  be assumed f o r  t h i s  document. 
(See s p e c i f i c a t i o n s  i n  Appendix 1 ) .  
2.3 - RF ]. ink Budget Ct.nputat ions 
RF l i n k  budget computat ions a r e  g i v e n  on Tab le  9.1 o f  t he  Appendix. 
A nominal REFSAT e f f e c t i v e  i s o t r o p i c  r a d i a t e d  power (EIRP) of about 40 dec ibe l s  
above one-watt  (dBW) and a user  t e rm ina l  repor t -back ElRP o f  about 10 dBW would be 
requi  red. 
2.4 Spacecraf t  Antenna System 
The REFSAT system p laces no s p e c i a l  des ign  c o n s t r a i n t s  upon t he  spacec ra f t  
antenna system. A CONUS-coverage antenna a r r a y  s t r u c t u r e  i s  assumed f o r  
bo th  t ransmiss ion  and recep t i on .  
2.5 Transponder System 
The REFSAT re ference s i g n a l  imposes very  modest requirements on t he  space- 
c r a f t  t ransponder i n  t e rms  o f  bandwidth (a few tens o f  kHz) and ou tpu t  power 
( 1  2 ~ B W )  . There a r e ,  however, s t r  i ngent 1 1  mi t s  upon the  frequency accuracy 
and s t a b i l i t y  o f  t he  REFSAT c a r r i e r  as rece ived  a t  a  user  t e rm ina l .  
I n  o r d e r  t o  avo id  t h e  need t o  per fo rm a f requency search to acqui  r e  the 
se lec ted  GPS s a t e l l i t e  s i g n a l s ,  i t  i s  d e s i r a b l e  t h a t  t h e  REFSAT c a r r i e r  be 
mainta ined w i t h i n  50 Hz of  i t s  nominal va lue ( 3  p a r t s  i n  l o 8 )  as a p re -  
c i s i o n  f requency re fe rence  t o  a i d  GPS s i g n a l  a c q u i s i t i o n  a t  the  user  
te rm ina l .  
The carrier frequency o f  the REFSAT transponder, as seen by a user 
t e r m i n a l ,  must remain constant to within 50 Hz by employing a very precise 
nraster oscillator i n  the  spacecraft, Doppler s h i f t  due to REFSAT satellite 
motion must also be he ld  to limits not  exceeding 50 Hz. 
The transponder used fo r  user report-back signals may take a number 
o f  forms depending upon whether FDMA or TDMA techniques are employed. 
Considering the brevity and low data rate (e.g. 128 bps) of  t he  report- 
back message t h a t  would be requ i red  o f  any given user, a single TDMA 
channel o f  10 kHz bandwidth should be adequate for  CONUS coverage, A 
detailed l i s t  of specifications i s  g iven in the Appendix. 
3. A l t e r n a t e  Methods For Implementing a GPS/REFSAT System 
Th i s  s e c t i o n  descr ibes two a l t e r n a t e  methods f o r  implement ing a  
GPS/REFSAT system: 
(1) Use of a VHF 1 i n k  ( r a t h e r  than L-band) f o r  t h e  REFSAT 
re fe rence  s i g n a l ,  
(2 )  Usc o f  a  l o c a l  tower ( r a t h e r  than a geos ta t i ona ry  s a t e l  l i t e )  
t o  broadcast t h e  REFSAT s igna l  over a l i m f t e d  geographica l  
area ,  
3.1  Use o f  a VHF L ink  f o r  t h e  REFSAT Signal  
The REFSAT concept p rev ious1  i l l u s t r a t e d  on F igu re  1-2 assumed a  
REFSAT s  igna 1 frequency ( 1  555 MHz ! be low t h e  GPS down 1 i n k  frequency 
(1575.42 M H Z ) ,  i n  o rder  t o  m in im ize  GPS/REFSAT C i v i  1 User Terminal  corn- 
p l e x i  t y .  
The narrowband ( 1 0  kHz) REFSAT s i g n a l  may, o f  course, be broadcast 
a t  any des i r ed  frequency p rov i ded  t h a t  t h e  user t e rm ina l  i s  equipped w i t h  
an antenna and rece i ve r  channel t o  t r a n s l a t e  t he  r ece i ved  REFSAT s igna l  t o  
the te rm ina l  I F frequency (21.4 MHz). 
A b l o c k  diagram f o r  a  GPS/REFSAT c i v i  1 user t e rm ina l  accommodating 
a VHF REFSAT broadcast s i g n a l  i s  shown on F igu re  3-1. Except f o r  t he  
separate V H F  and L-band antenna and RF f r on t - end  components, the  t e rm ina l  
b l ock  diagram func t ions  a re  i d e n t i c a l  to those descr ibed  f o r  an L-band 
REFSAT system descr ibed i n  S e c t i o n  4 o f  t h i s  document. 
Since the REFSAT s i g n a l  i s  used as the user  t e rm ina l  p r e c i s i o n  
frequency reference, t h e  f i r s t  LO s i gna l s  ( t o  M 1  and M 6  on F igu re  3-1) 
must be s u f f i c i e n t l y  s t a b l e  i n  f requency t o  ma in ta i n  t h e  p r e c i s e  50-Hz, f r e -  
quency d i f f e r e n c e  requ i red  between the  GPS and REFSAT channels.  The recovered 
re fe rence  c a r r i e r  from t h e  R E F S A T  s l g n a l  i s  co r rec ted  f o r  GPS s a t e l l i t e  doppler  
( i n  M4) and used wi t h  t he  loca  1 l y -generated PRN codes (M5) as the  l o c a l  
re ference for c o r r e l a t i o n  w i t h  rece ived  GPS s a t e l l i t e  s i g n a l s .  
Demodulated data f rom t h e  REFSAT s i g n a l  p rov ides  the  t e rm ina l  w i t h :  
(1) I d e n t i f i c a t i o n  o f  t h e  4 GPS s a t e l l i t e s  which c u r r e n t l y  p rov i de  
minimum h o r i z o n t a l  d i  l u t i o n - o f - p c s c i s i o n  , ( H D O P ) ,  
( 2 )  Doppler c o e f f i c i e n t  da ta  (a l lows  computat ion o f  dopp le r  
s h i f t s  f o r  a c q u i s i t i o n ) ,  
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Figure 3-2. GPS/REFSAT System Utilizing the ATS-3 Satellite. 
An o l t e r n a t l v e  Implementat ion o f  a  GPS/REFSAT system i s  shown i n  
Figure 3-2 using the geostat ionary ATS-3 spacecraft  as the REFSAT t rans-  
ponder . 
The REFSAT transponder broadcasts the  REFSAT s igna l  over the geo- 
graphical  coverage area. i nd i v idua l  GPS/REFSAT user terminals  may then 
make use o f  the REFSAT s igna l  t o  acqui re the fou r  GPS s a t e l l i t e  s igna ls  
which c u r r e n t l y  prov ide the mlnimurn value o f  h o r l z o n t a l - d i l u t i o n c o f -  
p rec is ion ,  and measure pseudo-range values. 
Once the  user termina l has measured pseudo-range values t o  t h e  4 
selected GPS s a t e l l i t e s ,  several opt ions a re  ava i lab le :  
(1) The user may make use of the GPS s a t e l l i t e  p o s i t i o n  coordinate 
da ta  contained i n  the  REFSAT s igna l  t o  compute t h e  p o s i t i o n  
of the user terminal, and, 
( a )  Make use o f  pos i t ion informat ion for nav iga t ion ,  o r  o ther  
purposes or ,  
(b) Report-back computed p o s i t  Ion v i a  a user report-back 
t ransmi t te r  and the  REFSAT transponder t o  a  Report-back 
Receiving Terminal o r ,  
( 2 )  The user may s imp ly  report-back measured pseudo-range, t iming, 
and user I D  data. Computation o f  user p o s i t i o n  may then he 
accomplished a t  the  Report-back Receiving Terminal, r e l i e v i n g  the 
user terminal o f  t h i s  t a s k .  
3.2 Use o f  a Local Tower f o r  REFSAT Signal Breadcast 
There a re  many app l i ca t i ons  where a spec ia l i zed  group o f  users occupy 
a l i m i t e d  geographical area t h a t  may be economically served by p lac ing  the 
REFSAT transponder on a l o c a l  tower ra the r  than on a geostat ionary s a t e l l i t e .  
F igu re  3-3 i l l u s t r a t e s  the  a p p l i c a t i o n  o f  the REFSAT concept t o  mari- 
time nav iga t ion  and c o n t r o l  i n  a congested waterway, A REFSAT transponder 
placed on an 800 f t .  high tower, f o r  example, would prov ide  coverage over 
a t  least  40 m i l e  radius.  P rec i s ion  t rack ing  and c o n t r o l  would then be 
ava i l ab le  f o r  a l l  vessels e q u i p p e d  w i t h  a user terminal such as tha t  
shown prev ious ly  on F igure  3-1 .  
Figure 3-3.  EPS/REFSAT System Using a Local Tower. 
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GPS/REFSAT User  Terminal Segment 
Th is  s e c t i o n  descr ibes the  requirements o f  the  GPSi'REFSAT user te rmina l  
segment of  t h e  REFSAT system. A l i s t  of s p e c i f i c a t l o r  i s  g i ven  i n  
Sect lon 8 i n  the Appendix. 
4.1 2-Channel Receiver Requirement2 
Under t h e  REFSAT concept descr ibed i n  Sec t ion  1, the user  te rmina l  r ece i ve r  
must process bo th  GPS s a t e l  l l t e  s lgna l  s (1575.420 MHz + a maxlmum 4 kHz doppler  
s h i f t )  and the REFSAT re fe rence  s i g n a l .  For the  most ~ o n o m i c a l  r ece i ve r  
design, the REFSAT c a r r i e r  should be w l t h i n  a few percent  o f  the GPS s i gna l  
frequency t o  a1 low a common user  antenna and RF f r o n t  end t o  be used. 
I n  o r d e r  t o  s a t i s f y  the rna jor i  t y  o f  pro.j+!~.ted user  requirements (see 
Sect ion 6 ) ,  a maximum t ime- t o - f  i r s t - f  i x o f  about i 00 seconds should be a1 lowed 
(REFSAT s i g n a l  a c q u i s i t i o n  + acquisition o f  4 se lec ted  GPS s a t e l l i t e  s i g n a l s  + 
ou tpu t  o f  user  p o s i t  i on  o r  pseudo-ranse va lues) .  A maximum p o s i t  i o n  update 
time of  10 seconds f o l l o w i n g  f n l t i a l  a c q u i s i t i o n  w i l l  meet the needs of most 
po ten t  la 1 users.  
A survey o f  p o t e n t i a l  user  requirements i nd i ca tes  t h a t  a h o r i z o n t a l  
p o s i t i o ~ i  accuracy o f  about 100 meters would meet a l l  bu t  the most s t r i n g e n t  
user needs. The C/A code (1.023 ~ b p s )  i s  capable o f  meet ing t h i  s accuracy 
requi  rernent . 
4.2 Data T ransm i t t e r  
Since a s i g n i f i c a n t  p o r t i o n  o f  the p o t e n t i a l  c l v i l  user  market i d e n t i f i e d  
i n  Sect ion 6 cons is ts  o f  " l o c a t i o n "  o r  " s ~ r v e i l l a n c e ' ~  type users, a data t r ans -  
m i  t t e r  f o r  "report-back" of  user  p o s i t i o n  may be requ i red  as an op t i on .  The 
report-back message may c o n s i s t  o f  user p o s i t i o n  coord inates computed a t  t he  
user t e rm ina l  o r  measured pseudo-range values t o  a l l o w  l a t e r  computat ion o f  
user p o s i t i o n  a t  a c e n t r a l  l o c a t i o n .  
S p e c i f i c a t i o n s  f o r  the repor t -back rnessage a re  g i ven  i n  Sec t ion  8.5 i n  
the Appendix, 
The cho i ce  o f  the  p a r t i c u l a r  frequency band t o  be employed f o r  t he  user 
repor t -back l i n k  requ i res  f u r t h e r  study (see Sec t ion  2 ) ,  b u t  should be near t he  
GPS s igna l  frequency t o  a1 low use o f  a s i n g l e  antenna f o r  user t e rm ina l  t rans-  
miss ion and recep t ion .  A t r a n s m i t t e r  power l e v e l  i n  the o r d e r  o f  10 w a t t s  
would be needed (see Appendix f o r  l ink budget cornputat ions). 
4.3 Simp1 i f  ied Block Diagram, GPS/REFSAT User Terminal  
Figure 4-1 i l l u s t r a t e s  a s i m p l i f i e d  GPS/REFSAT user  t e rm ina l  b l o c k  
diagram capable of  meet ing the  requirements discussed above. The GPS sa t -  
e l l i t e  and REFSAT reference s igna ls  are sufficiently close i n  frequency t o  
share a common RF f ront-end and f i r s t  mixer {MI). Separate intermediate- 
frequency channels are then employed. Should a second frequency conversion 
be desi rable,  the l oca l  o s c i l l a t o r  frequencies app i ied  t o  the two channels 
must be i d e n t i c a l  o r  der ived from the same source i n  order  t o  maintaln 
the precf  se frequency d l  f fe rence between the REFSAT reference c a r r i e r  
and the G P S  sate1 l i t e  c a r r i e r  frequencies (nore M2 and M3). 
Fol lowing the REFSAT channel on the b lock diagram, the REFSAT c a r r i e r  
i s  recovered f o r  l a t e r  use i n  the  c o r r e l a t o r .  The REFSAT data message 
i s  demodulated and app l ied  t o  the micro-processor, 
The micro-processor makes use o f  the satellite l d e n t i f i c a t l o n  p o r t i o n  of 
the REFSAT data message t o  s e l e c t  the 4 PRN codes corresponding t o  the 4 G P S  
sate' 1 i tes c u r r e n t l y  v i s i b l e  w i t h  minimum ho r i zon ta l  d i  l u t l on -o f -p rec i s ion  (HDoP). 
The micro-processor makes use o f  the doppler c o e f f i c i e n t  p o r t i o n  of the 
REFSAT data message along w i t h  estimated user p o s i t i o n  ( w i t h i n  150 Lm) to  compute 
doppler c o r r e c t  {on. The dopp t e r  co r rec t  ion, when compared t o  the recovered 
REFSAT reference c a r r i e r ,  fnscres a corrected c o r r e l a t l o n  reference tha t  i s  
w i t h i n  50 t o  100 Hz of the GPS channel s igna l .  GPS s igna l  a c q u i s i t i o n  may 
then be r a p i d l y  accomplished w i thou t  the need t o  perform a frequency search 
and w i thout  employing a p r e c i s i o n  o s c i l l a t o r  w i t h i n  the user te rmina l .  A 
long-term frequency stab! 1 i t y  o f  1 p a r t  106 i s  adequate instead o f  1 p a r t  l oa .  
The dopp ler -cor rec t ion  s igna l  from the micro-processor i s  app l ied  t o  a 
low-f requency vo l  tage-control  l e d  osc i  1 l a t o r  ( V C O )  . The r e s u l t i n g  doppler 
co r rec t i on  i s  added t o  the  recovered REFSAT c a r r i e r  {mixer ~ 4 ) .  The cor rec ted  
c o r r e l a t i o n  reference i s  then modulat2d w i t h  the appropr ia te  PRN code (mixer M5) 
and app l ied  t o  t he  c o r r e l a t o r .  The micro-processor monitors the c o r r e l a t o r  
output w h i l e  performing a code delay search u n t i l  G P S  s igna l  a c q u i s i t i o n  has 
been ach i eved . 
A f t e r  s igna l  a c q u i s i t i o n  (4 GPS sate1 1 i tes) ,  the micro-processor ad jus ts  
both the doppler co r rec t i on  and PRN code delay (sequential  l y  f o r  4 G P S  sate1 1 i tes)  
t o  minimize c o r r e l a t i o n  e r ro rs .  The r e l a t i v e  code phases when computed us ing the 
speed cf l i g h t ,  c o n s t i t u t e  the requ i red  pseudo-range measured values, 
Various opt ions are a v a i l a b l e  f o r  the user terminal  design: 
( 1 )  .Pseudo-range va l  ues may be transmi t t e d  v i a  the report-back 
t ransmi t te r ,  e l i m i n a t i n g  the need for the p o s i t i o n  computation 
func t fon  i n  the micro-processor or ,  
( 2 )  Computed user pos i t ion  l a t  i tude/long i tude  coordinates may be 
t ransmi t ted  v i a  the report-back t ransmi t te r  o r ,  
( 3 )  User p o s i t i o n  coordinates may be displayed o r  otherwise used d i r e c t l y  
by the  user te rmina l  when a report-back t ransmi t te r  i s  no t  required. 
Deta i led  spec i f i ca t i ons  a re  given i n  Sect ion 6 . 0  i n  the Appendix. 
Ffgure 4-1. Simp?if!ed Block DIagrarn, GPS/REFSAT Hobfle Terminal. 
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5 .  GPS/REFSAT Remote Control  S t a t i o n  
The GPS/REFSAT remote c o n t r o l  s t a t i o n  ( R c S )  as p a r t  of  the REFSAT system i s  
i l l u s t r a t e d  t n  F igure 1-2 .  The remote con t ro l  s t a t i o n  performs three pr imary 
funct ions:  
( 1  Generat ion and transmission o f  the REFSAT reference c a r r i e r  and 
REFSAT data message fo r  re lay  broadcast by a geostat ionary reference 
s a t e l l i t e ,  
(2) Generation and transmission of  a p o l l i n g  message t o  con t ro l  those 
user terminals having a report-back c a p a b i l i t y  and 
( 3 )  Recept ion and process ing  of  report-back messages, 
Figure 5-1 i l l u s t r a t e s  these funct ions.  
5.1 Generation of the R E F S A T  Data Message 
The REFSAT d a t a  message provldes Informat ion t o  a l l  users t o  a i d  i n  
r a p i d  a c q u i s i t i o n  of the 4 GPS satellites v i s i b l e  w i t h  minimum ho r i zon ta l  
d i  l u t i on -o f -p rec i s ion  (HDoP).  In  order  t o  accomplish t h i s  func t ion ,  the 
remote con t ro l  s t a t i o n  must have access t o  the weekly navigation message 
upload data f o r  the e n t i r e  c o n s t e l l a t i o n  o f  GPS s a t e l l i t e s .  
The remote con t ro l  s t a t  i on  se lec ts  those 4 GPS sate1 1 i tes which a re  
v i s i b l e  and prov ide the minimum HOOP over the REFSAT user area. The s e l e c t i o n  
should be updated a t  15-minute i n te rva l s .  
I n  add i t ion ,  t he  remote c o n t r o l  s t a t i o n  computes doppler coe f f i c i en ts  
f o r  the four selected GPS s a t e l l i t e s  t o  allow computation o f  GPS s igna l  
doppler s h i f t s  by the i n d i v i d u a l  user terminals .  This p o r t i o n  o f  the 
REFSAT data message should be updated a t  2-minute i n te rva l s .  
For navigat ion,  and o ther  asers wishing t o  repor t  t h e i r  pos i t i ons ,  
the  remote c o n t r o l  s t a t i o n  computes p o s i t i o n  coordinates f o r  t he  four 
se lec ted  GPS s a t e l l i t e s  f o r  i n c l u s i o n  i n  the REFSAT data message. A 
4-second update i n t e r v a l  i s  a v a i l a b l e  and provided i n  the R E F S A T  data 
message (see Figure 5-1). 
5.2 REFSAT Reference Car r i e r  and Message Timing 
The REFSAT reference c a r r i e r  provides each user terminal  w i t h  a p rec i s ion  
frequency reference, a l low ing r a p i d  GPS s a t e l l i t e  s ignal  a c q u i s i t i o n  w i thout  
the necessi ty  t o  perform a frequency search. The reference c a r r i e r  must be 
maintained w i t h i n  about 50 Hz o f  I t s  nominal value as received a t  a user 
termi  na 1 .  
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Figure 5-1. Simp1 if ied Funct Ional Block Diagram, REFSAT Remote Control Stat ion .  
In o r d e r  to  a l l o w  user t e r m i n a l s  to proper ly  assoc ia te  measured pseudo- 
range values w i t h  the corresponding G P S  s a t e l l i t e  p o s i t i o n  coord ina tes ,  i t  i s  
necessary that  t h e  REFSAT da ta  message be synchronized w i t h  GPS system t lme 
t o  ari accuracy o f  about 200 microseconds, 
6 .  C i v i  1-User Requirements 
An examinat ion o f  c i v i l - u s e r  requirements i s  impor tan t  i n  the  GPS/ 
REFSAT d e f i n i t i o n  phase t o  i d e n t i f y  market p o t e n t i a l s  which i n  t u r n  
determine: 
a Geographical areas t o  be covered 
a Pos i t i on accuracy requ  i rements 
a Acceptable u n i t  c o s t s  f o r  mob i l e  t e rm ina l s  
P o s i t i o n  update r a t e  requirements 
The major  f i n d i n g s  o f  a user requirements s tudy performed f o r  
NASA a re  summarized on Tab le  6-15:, "Est imated User Volume1' (number of  
users)  and "Estimated Do1 l a r  Volume" were computed f rom t h e  s tudy data,  
we igh t ing  each by t he  t a b u l a t e d  "Est imated P r o b a b i l i t y  o f  Use". 
Two d i s t i n c t  user  f u n c t i o n s  a re  i d e n t i f i e d :  
(I) Mar i t ime  Nav iga t i on  Funct ion:  Permi ts  a user  to determine i t s  
own p o s i t i o n  a t  i n t e r v a l s  t o  compute p resen t  p o s i t i o n ,  present  
heading, and d i s t a n c e  t r ~  eled.  User t e r m i n a l  makes d i r e c t  use 
o f  measured p o s i t i o n  data.  
(2) Loca t i on  Report-back Funct ion:  A l lows c u r r e n t  p o s i t i o n  o f  
a  remote user  t o  be determined. The remote user t e rm ina l  
t r ansm i t s  measured p o s i t i o n  da ta  t o  some c e n t r a l  l o c a t i o n ,  
making no d i r e c t  use o f  t h e  da ta  i t s e l f .  
* " D e f i n i t i o n  Study o f  Land/Sea C i v i l  User Nav iga t i ona l  Loca t i on  Mon i t o r i ng  
Sys terns Fo r  NAVSTAR GPS", Task 1, User Requi rements, September 1978, 
Prepared by Magnavox For  NAsA/GSFC Cont rac t  NAS5-23425. 
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Table 6-1. Survey o f  User Requirements. 
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Performance Speci f l c a t  ion 
for  
REFSAT/NAVSTAR CIvil User System 
1 *0 scope 
T h i s  s p e c i f i c a t i o n  d e f i n e s  the performance requirements for a 
REFSAT/NAVSTAR GPS C i v i  l User System i n c l u d i n g  a geos t a t  ionary  reference 
satel 1 i t e  (REFSAT),  a Remote Control Station ( R C S )  and REFSAT Mobi l e  
Termi na 1 s (RMT) . 
2.0 Applicable Documents 
a )  " D e f i n i t i o n  Study of Land/cea C i v i l  User Nav iga t i on  Loca t i on  
Mon i t o r i  ng Sy s terns f o r  NAVSTAR/GPSIL prepared ' b y  Magnavox Govern- 
ment and l n d u s t r i a l  E l e c t r o n i c s  Company, September 1978. 
b )  "The REFSAT Approach t o  Low-Cos t GPS Termi na 1 si t  NASA/GSFC Techn l ca 1 
Memorandum No, TM 79655 October 1978, 
c )  "System Segment Specif l c a t  i on  f o r  t h e  User  System Segment o f  t h e  
N A V S T A R  Global  P o s i t i o n i n g  System" S S - U S - 1 0 1 B  30 Sep 74, USAF 
Space and M i s s i l e  System Organ iza t ion .  
d)  "Space Veh ic le  Nav iga t  ion  Subsystem and NTS PRN Nav iga t i on  Assembly/ 
User System Segment and Moni to r  Stat ion" ,  Rockwell I n t e r n a t i o n a l  
Corp,  I n t e r f a c e  Con t ro l  Document No. ~H08-00002-400, 13 Apr 7'. 
e) I i  REFSAT Low-Cos t GPS Terminal  Hardware Design Reporti1, prepared 
by Systematics General Corporat ion,  Na t i ona l  S c i e n t i f i c  Labo ra to r i es ,  
f o r  NASA/Goddard Space F l  i g h t  Center,  Greenbel t , Mary land, May 1980. 
3.0 Background 
NAVSTAR i s  a major, space-based nav lga t ion  system being impleniented t c  sat-  
[ s f y  the  m i  l l t a ry  requI rements of the Department of Defense. The cha rac te r i s t i cs  
and capabilities o f  NAVSTAR a re  such tha t  i t  can prov ide f o r  a wide v a r i e t y  
of c i v i l  user needs f o r  nav iga t ion  and p o s i t i o n  l oca t i on .  
The Dspartment o f  Defense (DOD)  c u r r e n t l y  plans t o  make the nav iga t ion  sig-  
nals from the NAVSTAR System ava i l ab le  t o  c l v i l  users. Inherent i n  the NAVSTAR 
design i s  the a b i l i t y  t o  p rov ide  a spectrum o f  l oca t i on  accuracies ( from 10 
t o  100 meters) depending on the  complexity of the user rece i v ing  terminals .  
DOD i s  c u r r e n t l y  consider ing a reduc t ion  i n  the C/A code accuracy, when 
NilVSTAR GPS becomes opera t iona l  i n  1986 o r  1987, t o  p rov ide  a  CEP ( c i r c u l a r  
probable e r r o r )  o f  200 meters (50% o f  the t ime) w i th  an upper accuracy 1 i m i  t 
o f  500 meters. This would s t i l l  meet many c i v i l  user needs (see Table 6-1). 
M i  l i t a r y  receiver  te rmina ls ,  due to  t h e i r  sophistication, a re  q u i t e  
cos t l y .  To prov ide a nav iga t i on  system w i t h  moderate performance t o  a  broad 
base o f  c i v i l  users, i t  i s  proposed t o  use the m i l i t a r y  NAVSTAR system w i t h  
lower cost ,  l e s s  soph is t i ca ted  receivers and s t i l l  ob ta in  nav iga t ion  fe r -  
forrnance komparable t o  Loran C bu t  b e t t e r  than Omega. This  i s  t o  be accomp- 
p l i shed by prov id ing  nav iga t ion-a id ing  s igna ls  from a reference s a t e l l i t e  
(REFSAT) i n  geostat ionary o r b i t  f o r  CONUS, Alaska, and mar i t ime recept ion. 
This obviates the necessi ty  f o r  the ground receivers t o  conta in  a p rec i s ion  
o s c i l l a t o r  and t o  perform c e r t a i n  computations and thus permi ts  a less 
complex, lower cost mobi le te rmina l  design. 
T h i s  document provldes the system d e f i n i t i o n  and performance requi re-  
ments fo r  the REFSAT/NAVSTAR S y s  tern a s  we1 1 as subsys tern requf rements 
for the Remote Control S t a t l o n ,  REFSAT S a t e l l i t e ,  and Mobile Terminal .  
4.0 System Definition 
The REFSAT/NAVSTAR System Is a radionavigat Ion aid designed for  civi 1 
and maritime users. REFSAT provides a simplified method for deterrnlnation o f  
horizon ta 1 geograph i ca 1 cocrd i na t es  ( X - Y  pos t t l on) by augmenting the s i gna l 
structure of an existing military radio navigation system, NAVSTAR/GPS. 
Figure 4-1 depicts the major elements of the REFSAT/NAVSTAR System. 
NAVSTAR System Elements 
- 
r NAVSTAR Satellites: A constellation of radionavigation satellites ( 18  for 
Phase I I i ) ,  part of the military global positioning system (GPS). 
Master Control Station: The central control f a c i l l t y  which uploads 
navigation-aiding data and timing information to the  Individual NAVSTAR 
satellites. 
Monitor Station: Monitors the individual NAVSTAR satellites and provides 
updated ephemeris and other data  to the Master Control Station. 
REFSAT System Elements 
-. 
0 Remote Control Statlon: The earth transmitting station originates 
the navigation-aTding REFSAT signal. Ephemeris and other data i s  accepted 
from the NAVSTAR Master Control Station. The Remote Control Station 
selects those four  NAVSTAR satellites which currently provide maximum 
position fix accuracy to mobile terminals within the REFSAT coverage area 
and computes navigation-aiding data for broadcast v i a  the REFSAT satellite. 
Figure 4-1 . REFSAT/NAVSTAR System E l  ments .  
REFSAT Satelitte: A geostattonary relay satellite that accepts upllnk slgnals 
from the Remote Control Station and broadcasts those signals over broad 
geo~raphlcal areas. The REFSAT satellite may Include a locatlon monitor 
trz:isponder for selectrd users to "report-back" thei r geographical posit ion. 
a REFSAT Mobile Terminal: Individual user which makes use of the navigation- 
aiding signal broadcast from the REFSAT to select, acqulre, and process 
four NAVSTAR satellite signals to determine the posltion of the user 
terminal. Certain user terminals may Include a "report back" function, 
wherein the user's position i s  transmitted to a centrol location monitor 
station via the REFSAT satellite. 
Location Monitor Station: Receiving earth stations accepting user 
"report-back" s i g n a l s  re1 ayed by locat ion moni tor transponder contained 
in the REFSAT satellite. 
4.1 Principle of Operation 
User terminal position coordinates, ljsing the NAVSTAR/GPS are determined 
by 4-dimens ional (3 pos i t ion coordinates and time) "triangulation". Pseudo- 
ranges to 4 selected NAVSTAR satellites are  measured at the user terminal. 
T h i s  data is then combined with known (computed from ephemeris data) NAVSTAR 
satellite locations. 
The navigation-aiding s i g n a l  broadcast by the REFSAT consists of: 
a A precision reference carrier, 
Identification o f  the fou r  NAVSTAR satellites which currently provide 
the most favorable "triangulation" geometry, 
a Doppler c o e f f i c i e n t  data,  a l l o w i n g  a user te r rn lna l  t o  compute 
the doppler  s h i f t  o f  each se lec ted  NAVSTAR s a t e l l i t e  s i g n a l .  Th is  
in fo rmat ion ,  i n  c o n j u n c t i o n  wi tli t he  p r e c i s i o n  r e fe rence  c a r r i e r ,  
a l l ows  the user  t e rm ina l  t o  beg in  NAVSTAR s1gnal  acquisition "on 
frequency", 
a Posi t ion  coord ina tes  f o r  the f ou r  se l ec ted  NAVSTAR s a t e l l i t e s ,  
r e l i e v i n g  t h e  user  t e r m i n a l  o f  t h e  task  o f  demodulat ing the NAVSTAK 
d a t a  message and computat ion o f  s a t e l l i t e  p o s i t i o n  f rom ephemeris 
data conta ined i n  tha t  message, 
A user t e rm ina l ,  w i t h  che a i d  o f  the  REFSA; s i g n a l ,  may then r a p i d l y  
acqu i r e  the  four  se l ec ted  NAVSTAR s a t e l l i t e  s i g n a l s  by per forming a code de lay  
search, matchi ng the  t i m i n g  o f  l o c a l  l y generated pseudo-random-no1 se (PRN) codes 
w i t h  the app rop r i a t e  NAVSTAR s i gna l s .  Pseudo-ranges t o  the se lec ted  s a t e l l i t e s  
a r e  then determined from the  r e l a t i v e  t i m i n g  o f  l o c a l  PRN codes. 
System Performance Requirements- 
The performance s p e c i f i c a t i o n s  fo r  t h e  REFSAT/NAVSTAR System a r e  shown 
i n  Table 5-1. The n a v i g a t i o n  s i gna l s  processed by t h e  REFSAT Mob i le  Terminal  
rece ived f r om REFSAT and NAVSTAR s a t e l l i t e s  s h a l l  have t he  c h a r a c t e r i s t i c s  
shown I n  Table  5-2. Under t h e  s p e c i f i c a t i o n s  o f  Tab les  5-1 and 5-2, the 
REFSATINAVSTAR system s h a I l  comply w i t h  the  f o l l o w i n g  perform;nce requirements:  
TTFF i s  de f i ned  as t he  amount o f  t ime requ i r ed  t o  produce a s i n g l e  
nav iga t i on  f i x  f rom the  s t a r t  of the  acquisition mode. With a p r o b a b i l i t y  
of success o f  0.95, eacrt REFSAT Mobi l e  Terminal sha l  l a c h i e v e  a f i r s t  f i x  
w i t h i n  100 seconds. 
TTSF i s  the t ime necessary t o  reacqu i re  the n a v i g a t i o n  s i g n a l s  and 
execute a n a v i g a t i o n  s o l u t i o n .  Wi th  a p r o b a b i l i t y  o f  0.95, TTSF s h a l l  
be l e s s  than  10 seconds. 
5 . 3  Pos i t i on Accuracy 
The 1 0  h o r i z o n t a l  p o s i t i o n  e r r o r  s h a l l  n o t  exceed 100 meters. 
The Department o f  Defense ( D O D )  i s  c u r r e n t l y  cons ider ing  a r e d u c t i o n  i n  t he  
C/A code accuracy,  when NAVSTAR GPS becomes ope ra t i ona l  i n  1986 o r  1987, t o  pro-  
v i d e  a CEP ( c i r c u l a r  probable  e r r o r )  o f  200 meters w i t h  an upper l i m i t  o f  500 
meters. I n  any event,  t h e  C/A code accuracy i s  s u f f i c i e n t  to  meet t h e  m a j o r i t y  
o f  c i v i l  user  a p p l i c a t i o n s .  
TABLE 5-1 
RMT PERFORMANCE SPECIFICATIONS 
c/No a t  RMT recelver  Input  (REFSAT 1 Ink) 43 dB-Hz, min imum 
C/N a t  RMT receiver  input  (GPs  1 inks) 38 dB-Hz,minimum 
0 
User Velocity 35 m/sec, maximum 
In ter fe rence t o  Signal Ra t i o  (GPS l i n k s )  25 dB, maximum 
User P o s i t i o n  Estimate Unce r ta in t y  for  150 km, maximum 
Acqui s i  t i o n  
TABLE 5-2 
SATELLITE RF SIGNAL CHARACTERISTICS 
NAVSTAR 
Center Frequency  om) 1575.42 MHz 
Bandwidth 20 MHz 
Modulation QPSK 
1555 1560 MHz 
fAl aska) (CONUS) 
10 kHz, each signal 
FSK (-10 dB reference c a r r i e r )  
PRN C/A Code 1023 b ' r  Gold Code 
C/A Code Rate 1023 kbps 
Carrier Frequency S t a b i l i t y  ( 1 p a r t  i n  10 8 < 2 p a r t s  i n  10 8 
- 
In-Band Spurious Emissions < -40 dB below < -40 dB below 
unmodulated unmodulated 
c a r r i e r  level carr ier  l eve l  
6,O Remote Cont ro l  S t a t i o n  C h a r a c t e r i s t i c s  
The f u n c t i o n  o f  t h e  REFSAT Remote Con t ro l  S t a t i o n  (RCS) i s  to :  
accept  NAVSTAR s a t e l l i t e  ephemeris, almanac, and o t h e r  data f rom 
the  GPS Master Cont ro l  S t a t i o n ,  
e s e l e c t  t h e  four  NAVSTAR s a t e l l i t e s  which c u r r e n t l y  p r o v i d e  the most 
f a v o r a b l e  " t r i a n g u l a t i o n "  geometry f o r  users  i n  t h e  REFSAT coverage 
area , 
a compute dappler c o e f f i c i e n t  data f o r  each se lec ted  NAVSTAR s a t e l l i t e ,  
compute cu r ren t  p o s i t i o n  coordinates f o r  each of t h e  se lec ted  
NAVSTAR s a t e l l i t e s ,  
t r a n s m i t  t h i s  data along w i t h  a p r e c i s i o n  re ference c a r r i e r  s i g n a l  
t o  t h e  REFSAT s a t e l l i t e  f o r  broadcast over  t he  REFSAT s e r v i c e  
area (C-Band u p l i n k ) .  
6.1 T ransmi t ted  Data 
The message data t r a n s m i t t e d  t o  REFSAT by t h e  R C S  s h a l l  i n c l ude :  
a )  i d e n t i f i c a t i o n  f o r  t h e  f o u r  se l ec ted  NAVSTAR s a t e l  1 i t e s  
b) NAVSTAR sa te l  1 i t e  d o p p l e r  s h i f t  c o e f f i c i e n t s  
c) NAVSTAR sate1 1 i te pos i t i o n  coord ina tes  
d )  t i m i n g  and synchron iza t ion  as requi  red. 
The e f f e c t i v e  i s o t r o p i c  r a d i a t e d  power (EIRP) o f  t h e  remote c o n t r o l  
s t a t i o n  s h a l l  be 39 dBW, minimum. 
6.3 RF Siqnal C h a r a c t e r i s t i c s  
1 Uplink Frequencies 
Dua l  up1 i n k  f requencies i n  C band (6 Gtlz nominal ) ,  separated by 5 MHz, 
s h a l l  be transmi t t e d  by the  RCS (separate s  Tgnal s f a r  Alaska and CONUS 
coverage) . 
6,3.2 RF Signal Bandwidth 
Each u p l i n k  RF s i gna l  s h a l l  have an RF bandwidth o f  10 kHz, minimum. 
6 . 3 . 3  Frequency S t a b i l i t y  
The RCS s h a l l  ma in ta i n  re fe rence  frequency s t a b l e  w i t h i n  2 p a r t s  i n  
8 10 r e l a t i v e  t o  the  NAVSTAR s a t e l l i t e  signals, f o r  ze ro  doppler.  
6.3.4 Spurious Emissions 
In-band spur ious emissions s h a l l  be less than -40 dB r e f e r r e d  t o  the 
unmodulated c a r r i e r  l eve l .  
6 . 3 . 5  S i g n a l  S t ruc tu re  
Each u p l i n k  s i gna l  s h a l l  c o n s i s t  o f  a re fe rence  c a r r i e r  and associated 
FSK modulated (128 bps d i g i t a l  da ta  stream) s i g n a l .  The power contained i n  
the  FSK s i g n a l  s h a l l  be approx imate ly  - T O  dB r e l a t i v e  t o  the re fe rence  c a r r i e r .  
The format  o f  the RCS u p l i n k  data s i g n a l  i s  shown on F igure  6-1. One data 
frame cons i s t s  o f  4 subframes each o f  1 second d u r a t i o n  f o r  each o f  the four 
se lec ted  NAVSTAR satellites. Each subframe s h a l l  contain sync and t im ing  data, 
NAVSTAR s a t e l  1 i t e  p o s i t  i on  coord ina tes  (x, Y, 2 ear th-centered)  , doppler  
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Figure 6-1. RCS Signal Format. 
gradient d a t a ,  and NAVSTAR satellite code identification. Doppler gradlent 
d a t a  shall allow initial estimates of the doppler shift assaciatsd with each 
GPS satellfte signal to an accuracy of 2 100 Hz p r i o r  to acqulsltion. 
Timing of the data signal as broadcast from the REFSAT shall be rnain- 
tained synchronous with GPS system time within - + 200 microseconds. 
System modulation shall be non-return-to-zero frequency-shift keyed 
at 128 bps. Doppler g rad ien t  d a t a  s h a l l  be updated at intervals not to 
exceed 2 minutes. Satellite position coordinates whall be updated each 
m a j o r  f rame, 
7.0 REFSAT Satellite Characteristics 
7.1 Typical Operational Requi rernents 
7.1.1 Orbit, 
REFSAT shall be placed in geostationary orbit at a particular West 
Longitude location for optimum CONUS and Alaska coverage. 
Typical Geostationary Locat ion 
REFSAT shall be centered over the equator at 130 degrees West Longi tude 
within - + 0.5 degrees. 
7.1.3 - D r i f t  Correction 
Orbital position location shall be maintained by control thrusters.  
7.1.4 Attitude Control 
Three a x i s  attitude control shall be maintained to an accuracy of 
+ 0.1 degrees per axis. 
- 
j,1.5 Primary Power 
Sun tracking extensible solar arrays shall provide primary spacecraft 
power. These arrays shall be designed to fit folded within a Delta launch 
vehicle shroud. Initial overdesign shall be 259 to compensate for deter- 
ioration over the satellite l i f e t i m e .  The estimated area of solar cells i s  
10 square meters. 
7 1 6 Power Storage 
Power storage shall be accomplished by dual nickel  cadmium batteries. 
These batteries shall be rechargeable singly through the solar arrays. 
7 . 1 , 7  Solar Eclipse 
During solar eclipses (88 days per year, 65 minutes maximum duration) 
REFSAT shall be capable of operating only on battery power. 
7,1.8 Temperature Control 
Electronics bay temperature shall be maintained to 20°C - + 1 5 O C ,  
7.1.9 Reliability 
REFSAT shall be designed to meet a 5-year rnissi~n requirement with a 
probability of not less than 0.995. 
7.2 Transponder 
The REFSAT transponder shall receive upltnk C band signals from the RCS 
containing user navigation coding information. Two channels shall be provided 
by the transponder, ane f o r  the signal intended for users located i n  t he  
contiguous 48 states ( C O N U S ) ,  2nd the other for the signal intended f o r  users 
located i n  Alaska.  The transponder shal l down convert these signals to L-band, 
provide amplification and transmit the  converted signals on the CONUS and 
Alaska antenna beams, respectively. 
The f requenc ies  o f  t h e  CONUS and Alaska s i g n a l s  r ece i ved  by REFSAT 
f r.om RCS sha 1 1 be nomi na l 1 y a t  6 GHz and separated by 5 MHz, 
7.2.2 Output Frequencies 
Transmi t ted  f requenc ies sha l  l be nominal l y  1555 and 1560 MHz, each w i t h  
a bandwidth o f  10 kHz, minimum. 
7.2.3 Spurious Emissions 
Spurious emissions s h a l l  be a t  l eas t  40 dB below t h e  unmodulated c a r r i e r  
1 eve1 . 
7 . 2 . 4  Frequency Convsrsion 
The transponder s h a l l  conve r t  t he  dual  C band cons tan t  amp l i tude  s i g n a l s  
t o  dual L band s i g n a l s  w i t h  a l o c a l  o s c i l l a t o r  s t a b i l i t y  of 2 p a r t s  i n  10 8 
r e l a t i v e  to  t h e  NAVSTAR s a t e l l i t e  s i g n a l  c a r r i e r  f requency. Dur inc  frequency 
convers ion,  baseband data s h a l l  be preserved. 
7.2.5 C a r r i e r  Phase Noise 
The phase n o i s e  s p e c t r a l  d e n s i t y  o f  an unmodulated c a r r i e r  re layed  by 
REFSAT s h a l l  be such t h a t  a phase locked loop o f  10 Hz one-sided n o i s e  band- 
w i d t h  s h a l l  be a b l e  t o  t r a c k  the c a r r i e r  t o  an accuracy o f  0.1 rad ians RMS. 
7 . 2 . 6  Power Input  t o  Antenna 
The t r a n s m i t t e r  power i npu t  t o  t h e  antenna s h a l l  be 10 Watts average 
f o r  each o f  the two channels.  No power backo f f  s h a l l  be u t i l i z e d .  
7 . 2 . 7  RF Power Stab i  l i t y  
RF power s h a l l  be s t a b l e  w i t h i n  + 0.5 dB per year .  
- 
7.2.8 Noise Temperature 
Transponder r e c e i v e r  system noise temperature s h a l l  be 1000 K, o r  l ess .  
7.2.9 Phase L i n e a r i t y  Over Operat ing Bandwidth 
Depar ture f rom l i nea r ' phase  versus frequency s h a l l  be l ess  rhan 
+ 0.32 r ad ian  over the o p e r a t i n g  bandwidth.  
- 
Redundant Design 
Redundant t r ~ n s p o n d e r s  s h a l l  be u t i l i z e d  I n  REFSAT. i n  case o f  
ma l func t ion ,  t ransponders s h a l l  be sw i t chab le  by ground command. 
Antenna C h a r a c t e r i s t i c s  
The REFSAT s a t e l l i t e  antennas s h a l l  c o n s i s t  o f  an u p l i n k  rece ive  
antenna and downl ink area coverage t r a n s m i t  antennas. I f  t he  REFSAT Mob i le  
Te rm ina l ' s  "report-back" t r a n s m i t t e r  i s  ~ ~ t i l i z e d ,  the downl ink  and u p l i n k  
s a t e l l i t e  antennas s h a l l  a l s o  act  as rece i ve  and t r a n s m i t  antennas, respect- 
i v e l y ,  f o r  t h e  REFSAT Mob i l e  Terminal l o c a t i o n  mon i to r  s i g n a l s .  
U p l i n k  REFSAT Antenna 
The RCS u p l i n k  r ece i ve  antenna s h a l l  have the f o l l o w i n g  characteristics: 
Opera t ing  Frequency C band 
Form TBD 
Gain 23 dB;, m i n i m u m  
Beam p a t t e r n  E l l i p t i c a l  
P o l a r i z a t i o n  Right  hand c i r c u l a r l y  p o l a r i z e d  
Bores l g h t  p o i n t  TBD 
7.3.2 Down1 i n k  Area Coverage REFSkT Sa te l  1  i t e  Antennas 
The downl ink area coverage t r a n s m i t t i n g  antennas s h a l l  have the  f o l l o w i n g  
c h a r a c t e r i s t i c s :  
Opera t I ng Frequency 
Fo rrn 
Gain 
P o l a r i z a t i o n  
Beam pa t t e rns  
L band 
P lanar  a r r a y  
31 .0  d B I ,  minimum f o r  CONUS 
and Alaska beams. 
R i g h t  hand c i r c u l a r l y  p o l a r i z e d  
E l l i p t i c a l  
The beam s izes  and o r i e n t a t i o n s ,  b o r e s i g h t  p o i n t s ,  and f o o t p r i n t s  a re  
shown i n  Figure 7- 1 .  
7 . 4  Locat i o n  Monl t o r  REFSAT Transponder 
The REFSAT l o c a t i o n  mon i to r  t ransponder  i n  the  s a t e l l i t e  which r e l a y s  
l o c a t i o n  i n f o rma t i on  t o  the  Loca t i on  Mon i t o r  S t a t i o n s  s h a l l  have t he  follow- 
i ng  c h a r a c t e r i s t i c s ,  
3 d~ [ L o i f  power) 
F m t p r l n t  Contours 
REFSAT 0 Deg.; W 130 Deg. Long. 
1 ) BORESIGHT 65 Deg. Lat. ; W 170 Deg. Long. 
Major  Ax ls  Rotated 20 Ceg. CCW from East 
ANTENNA 7 Deg. M a j o r  A x i s  dB points 
3 Deg. Minor A x i s  3 
( 2  ) BORES l GHT 37 Deg. Lat.  ; W 98 Deg. Long. 
Major A x i s  Rotated I7 D L J .  CW from E a s t  
ANTENtjA 9 D e g . M a j o r A x i s  3 d e p o i n t s  
3 Der . Minor Ax is  3 
Figure 7-1 .  REFSAT Ante,,r.ra Characteristics 
7.4.1 Power Output 
The power output  o f  t h e  l o c a t l o n  mon i t o r  power a m p l i f i e r  s h a l l  be 
10 w a t t s  (dt3W), minimum, 
7.4.2 Limt t e r  
Power output  s h a l l  be ha rd  l i m i t e d  such t h a t  sys tem no i se  a lone w 1 l l  p rov i de  
f u l l  power ou tpu t .  
7 . 4 . 3  l n p u t  and Output Frequencies 
I npu t  and ou tpu t  f r equenc ies  s h a l l  be i n  the  L and C bands, r espec t i ve l y .  
7.4.4 Bandwidth 
The Location Moni to r  channel bandwidth s h a l l  be 1C kHz, minimum. 
The Locat ion Moni to r  t ransponder shall u t i l i z e  the REFSAT CONUS and 
A laska  L band antennas f o r  r ecep t i on  and the  C band antenna f o r  t ransmiss ion .  
7.5 Phys i ca l  C h a r a c t e r i s t i c s  
7.5.1 Transponder 
The REFSAT f ranspander s h a l l  have the f o l l o w i n g  c h a r a c t e r i s t i c s :  
Size 3 l ess  than  0.018m volume 
Weight not more t h a n  16 kg 
Design ope ra t i ng  temperature 20°C - + 1S0C 
7.5.2 Downlink Antenna 
The down l ink  antenna s h a l l  have t h e  follawing c h a r a c t e r i s t i c s :  
S i z e  Unfo l  ded no t  t o  exceed 2.4m L x 2 . 4 m  W x 0.15m D 
Weight 
Fo 1 ded 
no t  t o  exceed 6 kg 
t o  f i t  w i t h i n  t he  Delta launch v e h i c l e  
shroud. Dimension no t  t o  exceed 
2 . 4 m  I x 1.2m W 
7.5.3 Solar  Ar rays  
Dual solar  t r a c k i n g  a r rays  s h a l l  p rov i de  t he  p r imary  spacec ra f t  pDwer 
(except d u r i n g  s o l a r  e c l i p s e . )  The a r rays  s h a l l  be i n t e g r a t e d  t o  f i t  w i t h i n  
2 t h e  De l t a  launch v e h i c l e  shroud. Est imated s a i l  area Is torn . 
8.0 REFSAT Mobi le Termina l  C h a r a c t e r i s t i c s  
8.1 General 
T h i s  s e c t i o n  de f i nes  s p e c i f i c a t i o n s  f o r  t he  des ign o f  a low-cost 
r ece i ve r  t e rm ina l  f o r  c i v i l  users o f  the  GPS system. A number o f  t he  
tasks i nvo l ved  i n  per forming a n a v i g a t i o n  " f i x "  a re  common t o  a l l  users  a t  
a  g iven  i n s t a n t ,  w h i l e  o t h e r s  a re  unique ( l o c a t i o n  dependent) t o  each 
user, Cen t ra l  t o  t h e  des ign  i s  t h e  concept o f  per forming common tasks  
a t  a  c e n t r a l  l o c a t i o n  and r e l a y i n g  t h e  r e s u l t s  i n  t h e  form o f  a c q u i s i t i o n  
a i d i n g  and re fe rence  s i g n a l s  v i s  a geos ta t i ona ry  re fe rence  s a t e l l i t e  
(REFSAT) t o  each user t e r m i n a l .  By t h i s  method, the REFSAT system 
reduces the  cos t  and comp lex i t y  of c i v i l  user  r ece i ve r s .  
Reference i n f o rma t i on  re l ayed  by t he  REFSAT i nc ludes  GPS s a t e l l i t e  
s e l e c t i o n  f o r  optimum " t r i a n g u l a t i o n "  geometry, a p r i o r i  doppler  i n f o rma t i on  
and precomputed GPS s a t e l l i t e  p o s i t i o n  coo rd i na te  d a t a .  The REFSAT Mob i l e  
Terminal (RMT) s h a l l  be designed t o  r ece i ve  these mu1 t i  p l e  n a v i g a t i o n  s igna  I s  
and d a t a  and, by s o l u t i o n  o f  t h e  a p p r o p r i a t e  n a v i g a t i o n  equat ions,  pe rm i t  
users t o  determine t h e i r  l a t i t u d e  and l ong i t ude  ( x , Y )  p o s i t i o n s  w i t h i n  the 
REFSAT s e r v i c e  coverage area on  the e a r t h .  
An o p t i o n a l  add-on package t o  t h e  RMT recs3ver  s h a l l  c o n s i s t  of a 
Loca t ion  Mon i t o r  T ransm i t t e r  (LMT) t o  t r a n s m i t  user l o c a t i o n  t o  a t e r r e s -  
t r i a l  r e c e i v e r  v i a  REFSAT. 
8.2 User Area Coverage 
The baseline system operating areas for the civil user terminals 
are t h e  contiguous U . S .  s t a t e s  (CONUS) and Alaska,  inc lud ing  the 200-naut ical 
mite  territorial limits. Typical antenna footprint patterns are shown in 
F igure  7-1. Users in Alaska and CONUS will operate on different frequencies 
(e,g. 1555 and 1560 M H ~ )  to receive navigation signals opt im ized  for the; r area. 
Performance Requirements 
The REFSAT Mobi le Terrni nal receivers shal l be capable o f  the fol lowing 
performance while operating under the conditions g iven  in Tables 5-1 and 5-2. 
8.3.1 Time-to-First F i x  
TTFF i s  defined as the amount o f  time required to produce a single 
navigation fix from the start of the acquisition n~ode. With a probability 
o f  success o f  0.95, each Mobi le  Terminal shall achieve a first f i x  within 
100 seconds. 
TTSF i s  the t ime necessary to reaquire the  navigation signals and execute 
a navigation solution. With  a probability of 0.95, TTSF shall be 
less than 10 seconds. 
8.3.3 Horizontal Position Accuracy 
The 10 error in calculated X-Y user horizontal position shall not exceed 
100meters.  (see Section 5.3). 
8.3.4 Da ta  Recovery Performance 
The REFSAT Mobi le  Terminal r ece i ve r s  s h a l l  recover  the da ta  f rom the REFSAT 
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s i g n a l  w i t h  a B i t  E r r o r  Rate  (BER) n o t  greater than 1 x 10 , 
8.4 Design Parameters 
Parameters used i n  the  design o f  a user REFSAT Mobi le  Terminal  r ece i ve r  a re  
given i n  the fo l lowing paragraphs. 
8.4.1 Received Power Levels 
Received power l e v e l s  f o r  the C/A code (L ) s i gna l ,  a t  elevation 1 
angles above f i v e  degrees, s h a l l  be -160 dBW, minimum, f rom any NAVSTAR 
GPS s a t e l  1 i t e  and -147 dBW, minimum, f rom REFSAT a t  the  ou tpu t  t e rm ina l s  
o f  a 0 d B i  g a i n ,  r i g h t  hand c i r c u l a r l y  p o l a r i z e d  antenna. 
8.4.2 Noise Temperature 
The REFSAT Mobi l e  Terminal sys tern noise temperature ( i n c l u d i n g  antenna) 
s h a l l  be 500 K o r  less .  
RF S ignal  S t r u c t u r e  
Received RF n a v i g a t i o n  s i g n a l  c h a r a c t e r i s t i c s  from NAVSTAR and REFSAT 
s a t e l l i t e s  a re  l i s t e d  i n  Table 5-2. RF s i g n a l  c h a r a c t e r i s t i c s  have been 
de f i ned  i n  Sect ion 6.3. The RMT does n o t  need t o  demodulate t h e  GPS 
n a v i g a t i o n  da ta  conta ined i n  t h e  NAVSTAR s i g n a l s .  
8.4.4 REFSAT Mobi le  Terminal  Receiver Antenna 
The REFSAT Mobi le  Terminal  r ece i ve r  antenna s h a l l  have t h e  f o l l o w i n g  
c h a r a c t e r i s t i c s :  
Frequency coverage - L band 
Pat tern  - Hemispher ical  
Ca i n - 3 dB a t  zen i t h ,  0 dBi  a t  5' e l e v a t i o n  angle  
P o l a r i z a t i o n  - R i g h t  Hand C i r c u l a r  
8.5 REFSAT Mobi:e Terminal T ransm i t t e r  (MTT) 
The MTT t r a n s m i t t e r  s h a l l  t ransmit  digltal data  p o s i t i o n  coord inates 
inc lud ing  an i d e n t i f i c a t i o n  code t o  Lhe REFSAT t ransponder f o r  r e l a y  t o  
a ground mon i t o r  s t a t i o n .  
8.5.1 Power Output 
The MTT t r a n s m i t t e r  power output  s h a l l  be a t  l e a s t  10 Watts (10 ~ B W ) ,  
average. 
8.5.2 Transmit  Antenna 
The MTT s h a l l  u t i l i z e  the REFSAT Mobi le  Terminal r e c e i v e r  antenna. The 
t r a n m i t  antenna g a i n  s h a l l  exceed 0 d0i  f o r  a 5"  e l e v a t i o n  ang le  or  g rea te r .  
Transmission Frequency 
C a r r i e r  s i g n a l  frequency s h a l l  be 1600 MHz, nominal .  
815.4 Baseband C h a r a c t e r i s t i c s  
-
The baseband modulat ion s i g n a l  s h a l l  be a b ina ry ,  non-re turn- to-zero 
waveform. 
8.5.4.1 Modulat ion 
Modulat ion s h a l l  be coherent  b inary  p h a s e - s h i f t  keyed a t  a r a t e  no t  
exceeding 0.5 k i l o b i t s  p e r  second (kbps). This  i s  e q u i v a l e n t  t o  an RF 
bandwidth o f  2.0 kHz. 
8.5.4.2 Bandwidth 
D i g i t a l  da ta  s h a l l  be t r a n s m i t t e d  i n  a bandwidth o f  10 kHz. 
8.5.4.3 Data Content 
T ransmi t ted  da ta  s h a l l  i n c l u d e  user i d e n t i f i c a t i o n  (ID) and l a t i t u d e  
and l ong i t ude  p o s i t i o n  coord ina tes ,  p l us  preamble. 
8.5.4.4 Data Access 
The t ransmiss ion  of  p o s i t i o n  da ta  to  l o c a t i o n  mon i to rs  v i a  REFSAT 
s h a l l  bo by t i r ne -d i v i s i on  m u l t i p l e  access w i t h  p ~ e a s s i g n e d  t ransmiss ion  
t ime  s l o t s .  The t ime s l o t s  s h a l l  be re fe renced  t o  system t ime  as co r rec ted  
by user p o s i t i o n ,  Dur ing t h e  preassigned use r  t ime slot, t h e  t r a n s m i t t e r  
s h a l l  send a 25 m i  11  isecond (ms) b u r s t  o f  i n fo rmat ion  a t  4.lcbps. Each 
message s h a l l  c o n s i s t  o f  a preample t o  generate c a r r i e r  reference and 
e s t a b l i s h  synchron iza t ion ,  a user i d e n t i f i c a t i o n  word, and l a t i t u d e  and 
l ong i t ude  p o s i t i o n .  
A-27 
Estimated number of bits 15 a s  follows: 
P reamb l e - 50 blts 
S t a t l o n I D ,  - 1 7 b l t s  
Latitude - 15 b i t s  
Long i tude - 15 b i t s  
Tota l  97 bi t s  
Electromagnetic Compatibility 
Out-of-band f i e l d  strength shall be l e s s  than 23 d B  uv/m/kHz when 
measured a t  a d i s tance  of 10 meters from the transmitter/receiver. 
8.6 Functional and Physical Characteristics 
User REFSAT Mobile Terminals shall simultaneously receive the n a v l -  
gat ion  signals transmitted by the NAVSTAR satellites and the REFSAT trans- 
ponder, providing the user with a two-dimensional horizontal position-fix 
capability. 
8 . 6  l Equipment Operat ion 
User receivers shall perform the follor~ing functions: 
a)  a. Acquire the navigation-aiding signal generated by REFSAT, 
b. Demodulate the REFSAT data message Including: 
1 )  NAVSTAR satellite identification 
2)  doppler coefficient data 
3) NAVSTAR satel l i te posit ion coordinates 
c ,  Utilizing b 2) above in conjunction with the precisii.~r, REFSAT 
carrier, compensate tuning of the receiver's GPS ehan~el fcr 
doppler s h i f t  associated with each of the 4 selected hAVSTAR 
signals. NAVSTAR signal acquisition may then be accomplished 
w i  thnut a frequency search. 
d ,  Utilizing b 1 )  above, generate the 4 PRN codes needed to acquire 
the selected NAVSTAR signals. 
e .  Perform the requi red code delay search to acqui re the 4 
selected NAVSTAR signals, 
f .  Track the 4 selected NAVSTAR signals ( i n  frequency and code delay) 
to allow measurement of pseudo-ranges. 
g. Use measured pseudo-range values, and NAVSTAR position coordinates 
(from b 3 1 1 ,  ro compute the position o f  the user terminal. 
h, D i s p l a y  the user position (optional), 
8 .G.2  Required Ski 11s 
No spec ia l  training or skills s h a l l  be required to operate the user 
REFSAT Mobile Terminals. The microprocessor s h a l l  opera te  from preprogrammed 
memories. 
8 .6 .3  Phys i ca l  ,Spec t f i ca t ions -  
The f o l  low ing  a re  des lgn goals f o r  t h e  REFSAT Mabl l e  Terrni na l  r ece i ve r s :  
a .  Weight 2.5 kg, maximum (exc lud i  ng antenna) 
b, Volume 5000 cm', maximum (exclus 1 ve antenna) 
c.  Power requ i red  40 Watts, maximum 
8.6.4 Envi ronmenta l Performance 
The user REFSAT Mobi le Terminals ( r ece i ve r  and transmi t t e r )  s h a l l  opera te  
over  the f o l l o w i n g  ambient environment c o n d i t i o n s :  
a .  Temperature range - -2QDC t o  + 5 5 * ~  
b ,  Humid i t y  - 10% t o  100% R.H.  
c .  P r e c i p i t a t i o n  - t o  16mm/hr. 
d. V i b r a t i o n  - 15 g ' s  random 
e.  Shock - 300 g ' s  maximum 
f. Operat ing a l t i t u d e  - Sea l e v e l  t o  5000 meters 
g. I c i n g  an Antenna - up to 20 mm th ickness 
h, Wind - up t o  100 kno ts ,  w i t h  i c i n g ,  on antenna. 
8.6.5 Re1 i a b i  1 i ty 
The Mean-Time-Between-Fa i lure  (MTBF) f o r  t he  user REFSAT Mobi le Terminal  
s h a l l  not be less  than 10,000 hours.  
9 .0  REFSA7/NAVSTAR Link Budaets 
L i n k  budget surnrnarles f o r  l i n k s  i n  t he  NAVSTAR/REFSAT system a r e  shown 
in Table 9-1.  The l i n k s  inc lude  the R C S  t o  REFSAT u p l i n k  a t  6 GHz, the  
REFSAT t o  RMT down 1 1  nks a t  1555 and 1560 MHz,  the GPS t o  RMT downl l nk a t  
1575 MHz, the  REZT to REFSAT u p l i n k  a t  1600 MHz, and the REFSAT t o  Loca t ion  
Monitor Station downlivk a t  4 GHz. The l i n k  c a l c u l a t i o n s  r e f l e c t  the  design 
values assumed i n  t h i s  s p e c i f i c a t i o n  f o r  a worst-case RMT location. 






r a t i o  
Symbol data,  bps 
Rate code, Mbps 
Eb/No, dB data 
code 
Table 9.1 
LINK BUDGETS I N  THE REFSAT/NAVSTAR SYSTEM 
REFSAT Reference Signal 
RCS/REFSAT REFSAT/RMT GPS/RMT RHT/REFSAT REFSAT/RCS 
6 GHz 1555 and 1560 MHz 1575 t4Hz 1600 MHz 4 GHz 
up 1 ink down l ink down l Ink up link dawn 1 ink 
